Introduction
Most epidemiological studies of Chagas's disease have been carried out in regions of stable transmission of Trypanosoma cruzi. Serological evidence suggests that in such regions most of the initial infections are acquired before the age of 20, often without any evident acute phase of illness (MOTT et al., 1976) . During 1975, acute Chagas's disease was diagnosed in eight patients aged seven to 65 years from the administrative district ("municipio") of Riacho de Santana, who had been admitted to the Hospital Professor Edgard Santos of the Federal University of Bahia in Salvador. These patients and their relatives knew of many similar cases and reported that houses in the area had recently become heavily infested with triatomines.
This unusual clustering of acute cases, and reports of heavy infestations by Triatoma infestans, prompted us to investigate this outbreak with the aid of the national vector control service (SUCAM) .
In this report we describe the distribution of triatomine vectors and reservoir hosts of Trypanosoma cruzi in a rural community in Riacho de Santana. The results of clinical and serological studies and of biochemical characterization of T. cruzi from this area will be discussed elsewhere.
Materials and Methods The study area
The municipio (administrative district) of Riacho de Santana covers 3708 km2 in the Serra Geral region of the state of Bahia and the urban area is situated 60 km east of the Sgo Francisco river (Fig. 1) . The 1970 census recorded a total population of about 30,000, of whom 87 96 were rural residents, and the estimated population in 1976 was 34,000. The vegetation is predominantly xeromorphic deciduous woodland and scrub ("caatinga") (HLJECK, 1960-61) . The single rainy season lasts from October to March. During the previous 10 years the mean annual rainfall had been 822 mm. Maximum and minimum temperatures were 39.1"C and lO"C, and the average monthly temperature ranged from 22.7"C to 28.9%. A drought in 1975 and 1976 *Consultants to the Pan American Health Organization. bricks where the wall is unplastered, the maize store behind the houses, and the proximity of the woodland in the background. & SERAFIM, 1972) severely affected production of cattle, maize, cotton and beans, on which the economy of the region depends. Commerce has traditionally been linked with the States of S;io Paulo and Minas Gerais, and many residents have at some time travelled to SZo Paula in search of jobs. Until 1950 communications with these states were mainly dependent on the River Sgo Francisco but, since then, traffic has increasingly moved by lorry on new roads connecting the region with Minas Gerais. Traffic is heaviest during August and September, when up to 2000 lorries carrying pilgrims to the town of Born Jesus da Lapa (indicated as "Lapa"
in Fig. 1 ) pass through Riacho de Santana from the south. remainder were solidly built and had wholly or partially plastered brick walls (Fig. 2) . All had tiled roofs. Houses were spaced from 20 to 400 meters apart. A peridomestic area, in most cases enclosed by a wooden fence, usually contained a structure used for storing maize (Fig. 2) , a chicken house, loose boards, spare tiles and often a pig-pen. In many cases this peridomestic area was directly adjacent to the surrounding woodland.
Survey of triatomines
Malaria, formerly an important disease, has been brought under control by spraying houses with DDT, and the spraying programme was still in operation in 1976. In 1969, local physicians diagnosed the first cases of an outbreak of acute Chagas's disease. About 50 cases had been reported in the three years before our visit in March, 1976. A rural community 9 km from the town of Riacho de Santana was selected for intensive study. The community comprises the Fazenda (rural area) Barreiro Vermelho and two houses of a neighbouring Fazenda. The most recent case of acute Chagas's disease known to us had occurred in this community. With the help of the local staff of SUCAM we prepared a map and took a census: 21 households with 120 residents and their 28 dogs and 35 cats were studied.
Two assistants searched the inside of each house for 20 min using torches and forceps while a third searched fence posts, chicken houses and other likely habitats in the peridomestic area. In sylvatic areas remote from houses we searched tree holes, the bark of dead trees, fence posts and outcrops of rock. Rupicoline (rock-inhabiting) triatomines were induced to emerge from their hiding places by the presence of the collectors, who sat quietly and captured the bugs as they approached to feed in full daylight. Captured bugs were placed in plastic pots containing filter paper to absorb the faeces and transported to the laboratory in insulated boxes.
Triatomine eggs were collected from two houses in the town of Riacho de Santana and from two houses and a peridomestic enclosure in Barreiro Vermelho, and examined for evidence of parasitism by microhymenoptera.
Survey of reservoir hosts
Two of the houses were of mud and wattle
Of the 63 dogs and cats in the study area, 57 were construction with unplastered walls, while the subjected to xenodiagnosis with five fifth-instar At the same time, tail blood from each rat Misterton, Somerset, U.K.) that were baited with was examined microscopically for trypanosomes and cheese and bacon and placed near the houses. For several drops were inoculated into a fortified NNN parasitological examination the rats were anaestheblood agar slant with F29 medium as overlay tized with intraperitoneal pentobarbitone sodium (PAN, 1968 ).
Examination of triatomines 25 to 35 days after feeding, the rectum and posterior midgut of each of the bugs used in xenodiagnosis were dissected into physiological saline solution on a microscope slide. Each slide was scanned using the 10 x objective for 12 to 15 min or until flagellates were seen. Bugs collected in the survey were examined in the same way.
Triatomines

Results
The triatomine species encountered in Riacho de Santana were Triatoma infestans (Klug, 1834), T. sordida (Stal, 1859), T. brasiliensis Neiva, 1911 and T. pseudomaculata Correia & Spinola, 1964 . Table I shows the domestic/peridomestic distribution of the captured bugs and the number infected with Trypanosoma cruzi. Triatoma infestans was found in 19 of the 22 houses examined, including one which had been abandoned by its owners three months previously but in which pigs and chickens were still kept. With the exception of a single adult T. sordida, all the bugs found in houses were T. infestans.
T. sordida was the predominant species in the peridomestic area where it was found mainly in fencing, loose timber and other wooden structures. T. infestans was also present in peridomestic habitats, particularly at house CEMl which differed from the others in having a brick annex to the house. In this annex, 17 of 23 (74",6) bugs from a ratinfested storage box and nine of 91 (loo/") bugs from a brick wall where chickens roosted were infected with Trypanosoma cruzi.
A single, uninfected adult Triatoma pseudomaculata was found in a chicken house.
Bugs infected with Trypanosoma cruzi were found in 501" of the houses and 27:; of the peridomestic enclosures. Over-all, 19 to 20:" of Triatoma infestans and 11.5 VU of T. sordida were infected with Trypanosoma cruzi. Table II shows the prevalence of T. cruzi in Triatoma infestans and T. sordida according to the developmental stage of the bugs. In both species, the infection rate was higher in nymphs than in adults and higher in adult females than in adult males (T. infestans females 24.1 "/b, males 11.5 96 ; T. sordida females 17.6 ",&, males 3.7 0/0).
In the urban area of Riacho de Santana 3291 of 97 T. infestans collected from four houses known to be heavily infested were positive for Trypanosoma cruzi.
In the woodland we found seven Triatoma pseudomaculata and one T. sordida in treeholes that also contained lizards, feathers, hairs of the primate Callithrix sp. and a rodent nest. One T. sordida and one T. pseidomaculata were found in fence posts far from houses. 20 individuals of a dark varietv of T. brasiliensis were captured among boulders of granitic gneiss inhabited by lizards (Tropidurus torquatus and other species) and rock cavies (Kerodon rupestris). None of these sylvatic or rupicoline bugs was infected with Trypanosoma cruzi.
Predators and parasites of triatomines
None of 795 eggs of T. infestans had any signs of parasitism. However, nine of 24 T. sordida eggs from a peridomestic enclosure in Barreiro Vermelho had exit holes made by parasitoid wasps which, when reared from parasitized eggs were-identified as Telenomus fariai Costa Lima, 1927 (Scelionidae). One fifth-i&ar Triatoma so&da from the same enclosure was parasitized by a mermithid larvathe first time that any triatomine has been found naturally parasitized by a nematode. A high proportion of T. brasiliensis was heavily infested with sporocysts of a protozoan resembling Hepatozoon triatomae (Osimani) (Haemogrenarinidae).
While collecting bugs inside houses. we were impressed by the absence of known predators of triatomines. In contrast, associated with the peridomestic habitats of T. sordida, there was an abundance of spiders, lizards and reduviids of the snecies Microtomus tibialis Stichel, 1926 (Reduviidae: Microtominae).
M. tibialis, which was also found in tree holes with T. pseudomaculata, readily killed T. sordida in the laboratory. Older residents of Barreiro Vermelho remarked that spiders and geckoes had formerly been common inside houses but that now only triatomines and cockroaches (BlatteZla germanica) were seen.
The apparent absence of spiders and of T. fariai inside houses could well be due to DDT residues; wall scrapings taken from four houses in May 1976 and analysed by gas-liquid chromatography in January 1977 at the Monks Wood Experimental Station (England) contained 220 to 745 (mean 505) pg of DDT per g.
Reservoir hosts
Of the 21 households, 17 had one or more dogs and 17 had one or more cats. Trypanosoma cruii was detected by xenodiagnosis in five of 26 dogs (1976) and nine of 31 cats (29sb). Ten households (48 T,,) had at least one infected dog or cat.
Of the 10 rats captured, all were positive for T. cruzi by xenodiagnosis and by haemoculture.
In addition, nine of the rats also had a microscopically patent parasitaemia with T. lewisi. The one opossum (DideZphis albiventris) trapped in the study area was positive for T. cruzi by xenodiagnosis, haemoculture and direct examination of the blood but two wild cavies (Cavia apera) were negative by all examinations.
Discussion Domestic Triatominae in western Bahia
Changes in the domestic triatomine fauna of western Bahia, particularly along the Sao Francisco and Rio Grande rivers (Fig. I) , have been relatively well documented and it is thus possible to consider our present findings in an historical context. Triatoma pseudomaculata* and T. sordida-species not generally considered to be important vectors of Trypanosoma cruzi to man-have been found in settlements along the S%o Francisco river at least since 1912, and early authors remarked on the * Triatoma maculata (Erickson, 1848) (Fig, l) (Fig. 1) (LUCENA, 1959 (LUCENA, , 1965 .
The aualitv of house construction in Barreiro Vermelhb was in general much higher than in rural areas of endemic Chagas's disease in eastern Bahia. None the less, the presence of bug faeces on the upper halves of well-plastered walls was indicative of heavy infestations even in the best houses. Apparently T. infestans found adequate refuge along the tops of the walls or among roof tiles. House improvement projects have been proposed as fundamental to the successful control of domestic triatomines (e.g. DE RAADT, 1976) , but the colonization of well constructed houses in Barreiro Vermelho by T. infestans raises the issue of whether such measures alone can prevent infestation by this species.
Sources of Trypanosoma cruzi in Riacho de Santana
The high rates of T. cruzi infection observed in Triatoma infestans and T. sordida in Riacho de Santana (Table I) are in contrast to rates of less than 6",, recorded in previous surveys in western Bahia (ARAGAO et al., 1955; SHERLOCK & SERAFIM, 1974; CASTLETON et al., 1974) . Moreover, SHERLOCK & SERAFIM (1974) In areas with stable transmission of T. cruzi, the proportion of bugs infected increases with the cumulative number of blood meals taken and therefore with successive instars (CORREA et al., 1952; COURA & PETANA, 1975; MINTER, 1978; TORRES, 1915) . The fact that a higher proportion of nymphs than of adults was infected in our samples (Table II) suggests an unstable transmission pattern due to a rapid increase in the number of infective mammalian hosts shortly before the bugs were collected. (The higher infection rates in younger nymphs than in older instars also imply that the early instar nymphs feed more frequently: this has not been verified under natural conditions, but laboratory data-e.g. GOODCHILD, 1955 ; SZUMLEWICZ, 1976-suggest that this is likely to be the case.) In particular, Rattus rattus probably became increasingly dependent on domestic and peridomestic sources of food and water following the failure of the maize crop and the dryness of the woodland caused by the 1975-1976 drought. In this connection, it is of interest to note that in the house with the highest proportion of infected Triatoma infestans, we were shown rat-damaged cotton seed and the route used by rats to enter the house from the woodland. We found an uninhabited rat nest in the roof of one house and, in other houses, residents said they heard rats in the roofs at night. (1958) and SHERLOCK & SERAFIM (1972) shows that widespread colonization of houses by T. infestans in the SBo Francisco Valley region of Bahia occurred between 1956 and 1971, by which time 23 areas in Bahia were affected (Fig. 1) . At the same time, P. megistus disappeared from the areas colonized by T. infestans. In Riacho de Santana this transition occurred in 1964 (I.A.S., unpublished survey records).
Comparison of the surveys of DIAS & SEREBRENICK
With the exception of the specimens found by BARRETTO & FERRIOLI FILHO (1964) in sylvatic habitats, T. infestans in Brazil has only been found in houses and the peridomestic environment. It is thought to have been dependent on man for its distribution, possibly from an original rupicoline habitat in the inter-Andean valleys of Bolivia (USINGER et al., 1966) . A major factor favouring the movement of T. infestans into Bahia during the decade 1955-65 was probably the increasing volume of motorized road traffic between Bahia and the south: passive transport of T. infestans is known to Although we submitted gut contents of the triatomines collected for serological identification of the host blood, which would have indicated the probable sources of Trypanosoma cruzi for the bugs, the results were considered unreliable because of incorrect identification of the known control blood meals included. However, FREITAS et al. (1960) and BARRETTO (1968) found that blood meals -from Triatoma sordida and T. infestans from other areas reacted with antisera against dog, cat and rodent blood. In our study, the high rate of Trypanosoma cruzi infection in bugs from a rat-infested storage box suggests that R. rattus was a significant source of T. cruzi for bugs in Riacho de Santana.
T. cruzi may have been introduced into the domestic environment in Riacho de Santana with infected Triatoma infestans from the south, with human carriers infected in areas of endemic Chagas's disease elsewhere or from a local enzootic cycle of transmission. The existence of two kinds of T. cruzi, distinguishable on the basis of their isoenzymes, circulating together in the domestic and peridomestic environments of Riacho de Santana (BARRETT et al., in press*) suggests that more than one source of parasite contributed to the outbreak, and the distribution of reservoir hosts and vectors observed indicates that domestic, peridomestic and probably sylvatic cycles of transmission are now interlinked. SHERLOCK & SERAFIM (1974) 
